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I. Introduction 




"Syntheals of OrKanoalloxy'T;«tr.Al tlon Metal Polymers'* 


Synthetic polymeric materials that are thermally atable at high temperatures 
have many useful applications. Protective coatings, nose cones for missile*::, elec- 
trical Insulators, ablative heat shields for satellites, and lubricants arc just 
a few of their many applications. 

Consequently, scientists have continuously sought way^ to increase the thermal 
stability of polymers. For example, the ".ddltion of an inorganic element into 
the backbone of an organosiloxy polymer significantly Increases its thermal sta- 
bility.^' ^ 


e.g. polymer (B) is much more thermally stable than polymer (A), 
(R representing certain organic groupsj , 


n 


(A) 




(B) 


Scientists have extended this concept and synthesized several types of poly- 
mers containing -Si-O-M- bonds (where M represents certain transition elements, 
i.e. Co, Cr, Fe, and Ti^ ^and other elements^). 



Various approaches have bean investigated. For example, 

a. (- 81 - 0 ~Co-) polymers 

n R2S1(0C2H5)2 + n Co(OCOrH3)2 [R2S10Co0]n + n CHjvTOOCjHj 

(where R represents various organic groups) 

n R2Sl(ONa)2 + n CoXj ■ (R.SlOCoO)^ + 2 n NaX 

(where X represents certain halogcnr and M represents various metals) 

b. (-Sl-O-Cr-) polymers 


( 1 ) 


8,9 


( 2 ) 


9,10 


n RSICI 3 + Cr(N 03)3 + H 2 O 


NaOH 


t(r.S10i j)n CrOi.sJx + 3n NaCl f 3 NaNO^ 


c . (-Sl-O-Fe-) polymer s 


(3) 


,11 


FeCl, 


RSI (OH) 2 ©? a + < or 


1 W .4 (804)2 


{ [-RS1 (OH)O- ] ^ [ KSiOj 5 ] yFcOi 5 ^ „ (4 )^^ ' ^ ' 


A balanced equation was not given In the literature for reactions ( 3 ) and ( 4 ), 
presumably due to the authors not knowing the exact stolcheometry of these reactions. 


d. (-S 1 - 0 -T 1 -) polymers 

n (R3S10)2T1(0R’)2 + n R2SI (OCOCH3) 2 ► R'0[Tl(0SlR3)20SlR20lj^C0CH3 

+ ( 2 n-l) CH3COOR’ 



In auamar^', ■•veral^concluslona may be drawn regarding known polymera 
containing a -Sl-O-M- linkage, baaed upon a general aurvey of the literature 

(1) Detalla regarding their ayntheala are not extenalve. 

(2) The polymera that have been prepared are not repreaentatlve of all 
tranaltlon elements. 

(3) A majority of these polymers do not possess an ordered structure. 

(4) Much work still remains to be done regarding general methods for 
synthesis, characterisation and utility of these polymers. 

*********** A /rASASAMit as aasA***A*sss*** 

It Is the Intention of this project to study any novel synthetic approaches 
to the formation of polymers containing a -Sl-O-M- linkage and to Investigate 
the chemical and physical properties of these polymers. It Is felt that because 
slllcon-oxygcn-transltlon metal bonds generally have high thermal stability, any 
polymers containing such a linkage should retain this property. In addition, 
the synthesis of an ordered, long chained, linear polymer containing alternating 
-Si-O-M-0- bonds could act as an electrical semi-conductor. This property. In 
theory, would result from the presence of a delocalised (p— ►d) bonding system 
involving empty silicon 3d orbitals, filled oxygen 2p orbitals and the (nd) 
orbitals of the transition metal. Discovering whether these properties exist 


should prove interesting. 
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II. Abwtfct 


Th« new compound, Mo(OSlPh^)^ (where Ph Is C^H^) has been synthesised. An 
overall chemical reaction which accounts for the observed products is given by 
the redox approach in equation (1), vis. 

2 M 0 O 2 CI 2 + AMOSlPhj + XH 2 O O 2 + "Mo02*xH 20" + 4MC1 ♦ MO(OSiPh3>4 (1) 

(where M is Na or K) 

Hie reagents in equation (1) were synthesized by reactions (2) and (3) 

2 MoOj + TICI4 ►TIO2 + 2 M0O2CI2 (2)^ 

2M + 2 PhjSiOH ► H 2 + 2MOSiPh3 (3)^’ 

(where M » Na or K) 


Results carried out during this study indicate that Mo(OSiPh 3)4 is thermally 
stable up to 230”c and relatively unreactive toward moot connnon acids ond bases 

4 

even at nl' vated temperatures. Its behavior is not unlike that of ^(OSiPh^)^. 


Whether a polymer of tlie type (Hi2Si”0-Mo-0)^ would retain these properties 
should be of conniderable sclentlt'ic interest. Polymers of this type could bo 
synthesized according to reaction (4) which is a redox approach analogous to 
reaction (1). 


XH0O2CI2 ♦ x(MO) 2 SlPh 2 


TiCl 


(«) 


XO2 + 2 xMCl + (Ph2Si-0-Mo-0)jj 



Footnotea 


1* United States Tatent 3»111»380 (1963). 

2. Chugunov, V. S.^ Zh. Obanh . Khlm . , 28 (1958) 336. 

3. Schlenk, W. J. Kenning and G. Racky. Ber . . A4 (l9ll) 1178 
(1911) 2839. 

4. Zeltiier. Vcmon A. and Charles A. Brown. J. An. Cham. Soc. 


C. A . t 5 


79 (1057) 4616. 




A. Synthvais of tatrakis (triyh«nylsiloxy)w>lybJ«rxim XV, Mo(06iPh3)4. « 

2 NoOjClj * 4 M06lPh3 * xH^O ♦ "No02*xH20" ♦ 4HC1 ♦ Ho(OSiPh3)4 (1) 

(whara N ia K or Na) 

Reaction (1) is praaantly thought to bast datcriba the axparimontal 
observations. This unique redox approach to the synthesis of Ho(06iPh3)4 involves 
a reduction of nolybdenum in tho -fC oxidation state in M0O2CI2 to the 'fS state 
in 'Ho02*xH 20”^ and ■f4 state in Mo(0SiPh3)^ with the corresix>nding oxidation 

of oxygon in tho -2 state in M0O2CI2 to the xoro state in nolecular oxygon. 

Hiu8« M0O2CI2 serves as both the oxidant and reductant in reaction (1). 

One possible reaction mechanism which could account for the observed products 
is given as follows! 

2 Mo02Cl2 + 4MOSiPh3 — ^ 4MC1 + 2 IO2M0 (OSiPhj) 2I (2) 

2 (02Mo(0SiPh3)2l + XH2O O2 + ••Mo02*xH 20" ♦ Mo(OSiPh3)4 (3) 

Tho Intermudlato [02Ko(0SiPh3)2l represents only one of several possible (and 
as yet) unidentified intemodiotes in this reaction. Support for reacti.on(2) 
is given in tho literature by the analogous reaction (4) viz., 

2 Cr02Cl2 + NaCSiPh3 ► 4 NaCl * 2 02Cr(0SiR3)2 (4)^ 

The presence ot TiCl4(or one of its hydrolysis product^ as a possible 
reaction catalyst in this system needs further investigation. Titanium 
tetrachloride docs react vigorously with the reaction solvent, THF, according 
to the following reaction! 



” The product, "Mo02*xH20" was written to balance reaction (1). Actually, 
”Mo 02 ’ xH 20** is meant to stand for a series of compounds collectively labeled 
as "molybdenum blue" whose composition varies from Mo 02.88*^^2^ ^ Mo02(0H) and 
whose oxidation state varies form 5.76 to 5.00, respectively.^ 



TICI4 2 TIIF 


♦ Tici^*: nir 


(4a) ^ 

It alao has the capacity to coordinate with molybandenum and analogoua compounds (e.g) 

XTICI4 + MoOjClj ► Mo02Cl2*xTiCl4 (5)**^*® 

or react with MOSiPh^ (cig.) 

7 

TICI4 + n l!0SiPh3 ► n MCI ♦ Cl4l^ Ti(0SiPh3)n (6)* 

where (M in Ha or K) 

In addition, it is presently felt that the presence of soall amounts of 
water are essential fur the formation of good yields of Mo(OSiPh3)4. The 
presence of water ensures the formation of the insoluble blue precipitate of 
” tlo02*xll20" and thus is the driving force for reaction (3). When attempts were 
made to remove all traces of water vapor from the reaction system by use of 
high vacuum drying techniques, extremely dry glove box techniques and solvents, 
the formation of the blue precipitate "Ko02’xH20" was not observed end the yields 
of Mo(OSlPh3)4 were very poor (see experlsiental section, page 35). 

It should be noted that the amount of water necessary to cause reaction (1 ) 
to go to completion may be calculated as only 6.0 x 18 ■ 108 mg based upon 
an initial concentration of 2.444 g of M0O2CI2 (as described in the experimental 
section, page 31) and a product of "mclybdenum blue" containing one water molecule, 
(l.e. ) 

2 M0O2CI2 + 4 MOSlPh3 + H2O ^02 + "Mo02*H20" + 4 »C1 + Mo(OSlPh3)4 (7) 


mg 

2.444 X 10^ (108) 

(875.7) 

(7.185 X 103) 

mw 

198.84 

18 

145.95 

1197.56 

ta 

12 

l/2(12)-6 

(6) 

(6) 


It is entirely possible that this small amount of water is always present when 



thfi aynchavia oC^Mo(OSlPh3)4 la attauptad uaing tha banch top tachnlquaa and tha 
"ralativaly wat** oolvanta uaad in tha praparatlon of Mo(0SlPh3)^ aa daacrlbad 
in tha axparluantal aection on paga 31 • 

An altornata aachanlan %dilch could account for tha obaarvad producta la 
given by tha following react Iona: 

2 M 0 O 2 CI 2 2 HOH » 2 lMoO(OH) 2 Cl 2 l ( 8 ) 

2 (MoO(OH) 2 Cl 2 l 4 MOSlPh^ 4 MCI 2 lMo?(r.H) 2 (OSlPh 3 ) 2 J (9) 

2 (MoO(OH)2(OSlPh3)2l ► O 2 "Mo02*H20" + II 2 O Mo(OSlPh3)4 (IC‘ 

to give reaction ( 11 ) which la coapletely analogous to reaction ( 1 ). 

2MoO,Cl2 4MOSlPh3 + H 2 O — ► ©3 "Mo02*H20" + 4 MCI + Mo(OSlPh 3)4 (11) 

Reactions ( 8 ) and (9) of this mechanism would be supported by the work 

D 

of Chamberlain et al. 



B. Zd«ntlflcation of Totrakio ( trlphonyl ■lloxy)aolybd«nuM zv 


it By Infrarod' Analyaia 

Synthoais of Tl(06iPh3)4# and V(08lPh3)4 woro carried out by Cohen 
and others according to reaction ( 12 ), vlt. 

MCl^ ,♦ 4 NaOSlPh 3 ► 4NaCl ♦ MCOKlPbj)^ (12)^* 

(where N Is Tl or V) 

l^e synthesis of Tl(OSlPh 3)4 via reaction ( 12 ) was also continsed during the 
course of the study. Infrared absorption spectra for Ti(OSlPh^) 4 , V(06lPhj)4 
and the new compound, Mo (OR iPhj ) 4 are presented In figures 1 to 5. 

The only difference In these spectra Is the position of the transition 


metal - oxygen - silicon stretching frequency 
Table Z. 

Table Z 

(l.e. M-O-Sl) as given In 

Stretch 

Absorption (fk/) 

Reference 

Tl-O-Si 

10.85 (vs broad) 

a, 9,11 

V-O-Si 

11.2 (vs broad) 

b, 9 

Mo-O-Si 

10.92 (vs broad) 

• c 

Other metal *■ 
listed abovu, 

oxj'gen * silicon stretching frequencies correspond to those 
eg. 

Hg-O-Si 

11 (11.5) 

11 , 12 

As-O-Si 

10.8 (11.3) 

13, 14 


a see enclosed Infrared spectrum of TlCOSlPh^)^ 

b see enclosed Infrared spectrum of V(OSiPh 3)4 

* 

c see enclosed Infrared spectrum of Mo(OSlPh 3)4 


9.10 











Figure 3 
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Figure 4 
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Figure 5 


A co«pl«t« intarpratation of the Infrarad abaorpMona for No(OSlPh3)^ ia 
glvan in Tiibla ZX.^ 

Tabla II 


INFRARED ABSORPTION SPECTRUM OF MoCOSiP hj)^ 


Abaorption 


Intonaity 

* Aaaignment 

Reference 

3.25 


V W 1 

C-H 

11 




aromatic 


3.30 


V W J 

atretching 

11 

6.29 


V W 

phenyl - Si|bic 

11, 15 

6.72 


V W 

phenyl - Si;bic 

11, 15 

7.01 


H 

phenyl • Si|b 

11, 15 

7.50 


V W 



7.69 


V W 

phenyl - Si;c 

n 

7.94 


V W 

phenyl - Si;c 

11 

8.44 


V W 

phenyl - Si 

15 

8.96 


S 

phenyl Si>c 

11, 15 




planar ring vibration 





and some Si > C stretching 


9.39 


V w 



9.72 


V w 

phenyl - Si 

15 

10.00 


V w 

phenyl -S*»c 

11, 15 

10.92 


4 

V s 

Mo-O-Si 





asym stretch 


13.60 


V w 

Monosubs t i tuted 

15 

. 



benzene ring 


14.10 


N 

* out of plane 


14.37 


M 

hydrogen deformation 



a) V ■ veryi W ■ weak; S “ atrong; M “ medium 

b) C-C ring atretching 

c) C-H and OC vibration with ring deformation 


2. By NuclMr Magnetic Reaonanca Analysis 


« • 


Figure 6 Is the n.m. r. Bf>sctrun for Mo(OSlPh 3)4 <ll**olved In 
TICI 4 (52 by weight) using THS an Internal standard. 

Figure 7 Is the n.m.r. spectrum for Tl(OSlPh 3)4 dissolved In 
TICI 4 (72 by weight) using TMS as an Internal standard. 

As can be seen, these spectra are analogous and give the expected 
second order pattern for a mono-substltuted benzene ring ar supported 
by the literature,^® 




Figure 6 

a. singlet due to trace of CgHg in TiCl 4 solvent 












c. 


• 


ft *T‘“*y yf ttif ?ro— rti— of 

.■<' Tatrakla (trlphenylttlloxy) molybdcnua IV 

This study Indlcstes thst Mo(OSiPh^)^ Is thermslly stsbls up to 230°C 

and dots not react with water or on exposure to air. This conpound has 
« 

very limited solubility In conmon laboratory solvents at room temperature 
(see Table III). 


Table III 

Solubility of Mo( 0 SlPh 3 )^ In common solvents 


Solvent 

Solubility at 25° (mg/ml) 

C6«6 

insoluble 

H 2 O 

Insoluble 

SICI 4 

Insoluble 

diethyl ether 

0.5' 

Acetone 

0.5 

THP 

1.0 

Dloxane 

2.5 

CCI 4 

3.0 

Pyridine 

4.0 

HCCI 3 

6.0 

CS 2 

7.0 


However, It Is appreciably soluble In TlCl^ (200 mg/ml at 25* C) ct 
room temperature. Branched crystals of Mo( 0 SlPh 3 )^ may be recovered from 
a solution of TICIa bv evaporatlns the solvent In vacuo. 

e« ^ “ 




The chealcal reactivity of Mo(OSlPh^)^ with varloua reagents at their 

^ ■* 

boiling point la auonarlxed In Table IV. 

Table IV 

REACTION OP HoiOSlVhy)^ WITH VARIOUS 
COMMON UBORATORY REAGENTS. 


Cosmion ResRcnt* 

Approximate Z Mo(OSlPh 3)4 
recovered unreacted 

Conclusion 

1. Concentrated HCl (12M) 

95Z 

slight reaction 

2. Conccntci ted H^PO^ (15M) 

95Z 

slight reaction 

3. Concentrated CH 3 COOH (17M) 

65Z 

moderate reaction 

4. Concentrated HNO^ (16M) 

OZ 

complete reaction 

5. Concentrated H 2 S 0 ^ (18M) 

87Z 

some reaction 

6 . Concentrated NaOll (19MJ 

85Z 

some reaction 

7. Concentrated NH3(15M) 

86 Z 

some reaction 

Comnoii Reagent* 

Approximate Z Mo(OSiPh 3)4 
recovered unreac-ed 

Conclusion 

1. Dilute HCL (AN) 

» 

95Z 

slight reaction 

• 

2. Dilute 1 I 3 P 04 (AM) 

85Z 

some reaction 

3. Dilute CH 3 COOH (AM) 

90Z 

some reaction 

A. Dilute HNO 3 (AM) 

95Z 

slight reaction 

5. Dilute H 2 SO 4 (AM) 

98Z 

essentially no reaction 

6 . Dilute NaOH (AZ by wgt.) 

95Z 

slight reaction 

7. Dilute NII^ (AM) 

87Z 

some reaction 


* In excess and at Its boiling point for at least one minute. 



In suHMry, Ho(OSiPh3)4 showed little, if any, tendency to react with any 

of these reagents at room temperature (with the possible exception of concentrated 

HNO3). The tendency of Mo(OSiPh3)4 to show little, if any, reaction toward 

dilute aqueous acids and bases can bo explained by its insolubility in aqueous 

swdia. In addition, Mo(OSiPh3)4 appears to be thermally stable and relatively 

unreactive toward most comnon acldu ond bases even at elevated temperatures (~230°), 

17 

Its behavior is not unlike that of Ti(OSirti3)4. 


D 


y of Proj«cfd Ar«a» of M»«Tch 


A Bvmmx 

Studies carried out by Cohen and Dessy^^'^^ indicated that the following 
reaction possibly occurred! 

2 M0O2CI2 ♦ 2 TiCl4 4 6 PhjSiONa—- -♦MO2(06iPh3)6 4 3 CI2 4 2 Ti02 4 6 NaCl (13) 

Work done by Chamlterlain indicated that reaction did occur between MoO(OII)2Cl2 

and Ph36iONa in DMP solvent to give a product containing a Mo<-0-8i linkage (s). 

2 6 19 

However, these products (s) were never characterized. 

It is proposed that the following areas should be further explored t 

1. A detominaticn of the exact chemical reaction by which Mo(OSiPhj)^ 
has been successfully and repeatedly synthesized in this laboratory. 

2. A study of the rechanism by which Coi.en ft Dessoy synthesized 
M 02 (OSiPh3)4 

3. A rationale as to the difference (if any) in the BiecliAnisms operating 
in Cohen's reaction and that observed during the course of this study. 

4. A comparison to the work of Ch2unberlain and that done during this study. 

5. Further determinations as to the chemical and physical properties of 
MoCOSiPh^)^ and any related compounds which may bo synthesized in the future. 

6. Polymerization of the monomer (i.e. MoCOSiPhj)^] into (Ph2Si-0-Mo*0)^ 
polymer and a study of the cheziical and physical properties of said polymer. 



Xn auaBary* It ^a fait that a baaio undaratanding of tha , 
aynthaaia and propartiaa of tha Mo(08lPh3)4 and (Ph2Si*'0>Mo-0) 
ayatama will provide a Bodal for the batter undaratanding of other 
laaa complex ^ ayatama (where M repreaenta a tranaltlon metal). 

Tha continuation of thla work afforda a unique opportunity for atudy 
In the following areaai 

A. The atablllty of compounda containing molybdenum In 
varloua low oxidation atataa. 

B. The utility of an oxidation-reduction aypthetlc 
approach to polymara of the type (R2SI-O-M-O) 

C. The utility of auch polymora In apace age appllcatlona 
(e.g. aeml-conductora I lubricants, heat ahlelda, etc.). 

AAAAAAAAAAAwAAAAAAAA AAAAAAAAA 
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IV. EXPERIMENTAL 


A. Synthesis of the Reagents Molybdenum Dioxydichloride <Mo02Cl2) and Group lA (metal) 
triphenylsilonate (l.e. M0SiPh3 where M is Na or K) . 

1 . . Synthesis of M0O2CI2 

2 M0O3 ♦ TiCl4 ^ Ti02 ♦ 2 Mo02Cl2‘ ( 1 ) 


Solid M0O3 ( 24 . 02 g, 0.167 moles) was added to a 500 ml flas); with an extended 
35 cm neck. A silica gel or CaCl2 drying tixbc was attached to the neck to prevent 
entrance of atmospheric moisture. An excess (** 9 %) of TiCl^ ( 10.0 ml, 17.3 g, 

0.091 moles) was added to the flask. This mixture was refluxed for four hours with 
magnetic stirring, during which time a red liquid fomed. The refluxing occurred 
on the . ooler sides of the extended neck in the region of the 500 ml flask. 

Using a Bunsen burner flame, it was possible to sublime a yellow-red solid 

* 

(Mo02Cl2*xTiCl4) into the region of the extended neck. A white solid, Ti02, remained 

in the flask. The apparatus was then placed into a dry glove box containing an argon 

atmosphere and the neck fcontaining the sublimed Mo02Cl2*xTiCl4) was severed from the 

flask. Good yields of Mo02Cl2*xTiCl4 were routinely realized (*^ 40 % based upon 

deficit Mo 03), Note I Mo02Cl2*xTiCl4 turns blue with fuming on exposure to air. 

the Biethod used during this study is a modification of the Cohen synthesis 
1 

for Mo02Cl2*xTiCl4« 

Identification of Mo02Cl2*xTiCl4 



A sasgple of Mo02Cl2*xTlCl4 was placed into a 100 sil round bottom flask with 
attached 18/9 O-ring joint and teflon stopcock, (see figure 1 ). 


* and some unreacted M0O3 


Taflon Stopcock for 
high vacurji 




18/9 0-ring joints 


FIGURE 1 

The sample was pumped on through two liquid nitrogen traps for one hour with heating 
at lOO'C. At the end of this tine period, a yellow crystalline solid (M 0 O 2 CI 2 ) had 
sublimed onto the extended nock of the apparatus and a volatile liquid TlCl^,(as 
identified by infrared analysis^ and hydrolysis properties) was collected in the first 
liquid nitrogen trap. 

M0O2CI2 

ELEMENTAL ANALYSIS 



% Calculated 

% Found 

% Error 

%Mo 

48.25 

48.05 

0.4 

%C1 

35.66 

35.30 

1.0 


a 

The liquid phase infrared absorption spectrum of the semq>le TiCl 4 was identical 
in every respect to the liquid phase infrared spectrum of a stock sample of TiCl 4 and 
the literature infrared absorption spectrum. 



Identified by infrared analysis 
Major absorptions found 

975 cm"^ 905 cin"^ (w) i 865 cm"^ (s) i ,830 cm"^ (sh) » 785 cin”^ (s, broad) 

Literature^ absorptions 

— 910 cm"^ (m)» 864 cm"^ (s) i 827 cm"^ (sh) ; 781 cm"J (s, broad) 


Identification by Sublimation Point 

A sample of M 0 O 2 CI 2 as prepared during this study had an identical sublimation 
point (128 - 130*C, under one atmosphere pressure) to that of a stoc)i solution of 
M 0 O 2 CI 2 as purchased from Alfa Inorganics# Beverly# Massachusetts. 


1. United States Patent 3#111#380 (1963). 

2. Buerger# H.# A. Ruff# S pectrochism . Acta . Part A 1968, 24(11), 1863-7. 
CAi 69 (lll,663n). 

Barraclough, C. G. and J. Stale. Aust . J. Chem . 19 (1966) 741. 


3. 



Synthesis of NaOSiPh 3 

2 Ns +2 Ph 3 Si OH »• Ph 3 SiONa ♦ H 2 (2) 

Into a three-nock, 250 ml floek equipped with magnetic stirrex^condensor, 
nitrogen inlot tube, dropping funnel and CaCl 2 drying tubes was added, 0.617g 
p.027 moles) of sodium dispersed as small particles in >20 ml of toluene. This 
sdxture was heated to reflux with rapid stirring, causing the sodium to melt 
and disperse itself as fine particles with exposed fresh metal surface area. On 
cooling, this mixture was diluted with 75 ml of benzene. A solution of 
Ph 3 SiOH (6.908g,0.02S moles) dissolved in 75 ml of benzene was slowly added dropwise 
This mixture was refluxed for five hours. An cs.'entially clear solution was present 
after this time period. Any significant amount of excess sodium should be removed 
by filtration prior to subsequent additions. 

All solvents (C^Hg - THF) were freshly distilled after refluxing over sodium. 

This method is similar to those cited in the literature 4,5,6^ 


4 . Chugunov, V. S. Zh . ^isch. Khim . , 28 (1958) 336. 

5 . SchlenJc, H. J. Penning and G. Racky. Ber . , 44 (1911) 1178. £«A. (1911) 2839. 


6 


Tatlock, Wm. S. and E. G. Rochow 


J. Ot£. Chem. 17 (1952)1555 


b. . Synthesis of KDSiPh. 

^ ■* 

2K + 2 PhjSlOH ► Ph3S10K + H 2 0 ) 

Into s thres-neck, 250 ml flask equipped with magnetic stirrer, condenser, 
nitrog'.n inlet tube, dropping funnel end CaCl 2 drying tubes was added, 1.065 g 
(0.027 moles) of potassium dispersed as small particles in 20 ml of benzene. This 
mixture was heated to reflux with rapid stirring, causing the potassium to melt 
and disperse itself as fine particles with exposed fresh metsl surface area. On 
cooling, this mixture was diluted with 75 ml of benzene. A solution of 
Ph3Si0H (6.908g,0.02S moles) dissolved in 75 ml of benzene was slowly added dropwlse 
Tnis mixture was refluxed for five hours. An esaentlally clear solution was present 
after this time period. Any significant amount of excess potassium was removed 
by filtration prior to subsequent additions. 

All solvents (CgHg - THF) were freshly distilled after refluxing over molten 


potassium. 



B. Synthesis of Tetrskls(trlphenylsllexy)molybdcnua IV 


Tstrakls(triphenylslloxy)molybdenun IV was presumably synthesized 

according to the following reaction: 

Tie/* 

2 M 0 O 2 CI 2 + 4 MOSlOPhj + X H 2 O — ^ O 2 + "Mo02*xH20" + 4 MCI + MoCOSlPhj)^ (4) 

(where M Is Na or K and Ph Is 

1. Using Bench Techniques 

Using a glove box containing a dry argon atmosphere, Mo02Cl2xTiCl^ 

(2.444g, 0.012 moles based upon MoO^Cl^) was placed Into a 100 ml dropping 
funnel with 50.0 ml of THF. A yellow solution resulted on mixing^. The 
solution of Mo02Cl2«xTiCl^ in THF was then slowly added to the refluxing 
solution of MOSiPh^ (M is Na or K) in toluene and/or benzene. Preparation of 
the MOSlPh^ solution as contained in the three-necked 250 ml flas'k is described 
In sectlon2c^ page 29of the experimental 'section. 

The solution turned light yellow to light green to blue with the appearance 
of a fine white precipitate. The mixture was continual!'^' refluxed for six 
hours. At the end of this time, a large amount of white precipitate and blue 
solid was evident. The reaction mixture was then filtered (under vacuum using 
a Buchner filter) into a blue solid residue and blue filtrate solution. 

b 

The blue solid residue was successively washed with 75 ml of THF and benzene . 

A blue solid residue remained which was then washed with 200 ml of hot distilled 
water leaving a white solid residue, Compound A. 

* Depending upon the small amount of TiCl^ present, on mixing M 0 O 2 CI 2 *xTiCl^ 
«rlth THF a mild to vigorous exothermic reaction of TiCl^ with THF will result 
giving an initial red solution which shortly thereafter^turns yellow. 

^ All solvents (l.c. both THF and benzene) were distilled from sodium 
innediately prior to use. 



Th« dlatllittd water flltrata conalated of a light blue aolutlon. The 
water aolvant waa raaoved (under vacuum) uaing a atean bath. A blue aolld» 
Compound B» remained. The original blue filtrate aolutlon waa atripped of 
aolvent (THF and benzene) under vacuum and a blue aolld reaidue remained, 
Compound C. All compounda were dried at 100 C for one hour. 


Flow Diagram for the Synthesia of Mo(OSiPhj)^ 


REACTION MIXTURE 


filtered using Buchner 
funnel 


BLUR SOLID RESIDUE. 

washed|with THF 
BLUE SOLID RESIDUE 


washed I with benzene 

V 

BLUE SOLID RESIDUE 
washed^wlth hot water 


WHITE SOLID RESIDUE . Compound ^ 

/ 

blue filtrate solution 
stripped of water solvent 

/ 

C OMPOUND B (blue solid) 


.B LUE FILTRATE SOLimON 

I 

solvent (TIH' and benzene) 
stripped off under vacuum 


BLUE SOLID, Compound C 



COMPOUND A 


UND A IdfnClfiad as MoCOSiPh^)^ by ths following information: 

(2.764g, 0.0023 moles) ware rscovared 
yield ■ 38Z phased upon reaction (4)j ^ 

Identified by infrared and n.m.r. analyals ( diecuseion aection. p. 1< 
Elemental Analyeie (by Galbraith Laboratory) 


element 

X calcul';ced 

X found^ 

X relati 

Mo 

6.01 

8.27 

3.2 

Si 

9.38 

9.63 

2.7 

c 

72.21 

73.51 

1.8 

H 

5.0b 

5.23 

3.6 


Preliminary results indicate that Mo(OSiPh^)^ melts with 
decomposition at 233*C and will sublime ^ vacuo at temperatures 
above 200*C. 


c 

It should be noted that silicon grease (Dow Coming) used as a 
lubricant on the joints of the reaction apparatus, has been identified as a 
cont:uninate to the product, MoCOSiPh^)^. It is very difficult to remove. 
The grease probably enters the reaction mixture during the refluxing stage. 
If analytically pure MoCOSiPh^)^ is desired, either teflon tape, 0-ring 
joints or grease free jointa should be used during the synthesis. 



COMPOUND B 


”No 02 *xH 20 ” with •CM NaCI (ualnq NmOSiPhj) 



Dansity 

Solubility 


-blua aolid rasidu* from watar filtrate. 
(1.345 gm) using NaOSiPh 3 reagent 


Infrared analysis gave the expected water absorption frequencies with 
little else. 

Determination of soma chemical and 

physical properties of , Compound I 

Compound B 

* MO 205 *xH 20 " ’ 

2.3 at 25* 

3.6 at 18* 

H 2 O soluble 

H 2 O soluble 

MeOH soluble 

MeOH soluble 

HCl (2 . 4M) soluble 

acids soluble 

acetalde;iyde (slightly soluble) 

insoluble 

benzene insoluble 

insoluble 

HCCI 3 insoluble 

insoluble 


% Element 


% Pound 


Mo 


24.87 


COMPOUND C Probably a mixture of "M 0 O 2 xtl 20 " with unreacted reagents 

and intermediates, 
u 

- blue precipitate from reaction mixture 
~(0.714g) using NaOSiPh^ reagent 

- Infrared analysis showed characteristic water absorptions and 
a strong broad absorption centered at 1090 cm~^ %diich could be 

O 

due to Si-O-Si stretching. 

Handbook of Chemistry and Physics (46th edition). Robert C. 

Neast (ed.)« The Chemical Rubber Cot Cleveland. Ohio. 1965-66. p. B-196. 

® ColthruD. Norman B.. L. H. Dalv and S. E. Niberley. Introduction 


2. .Using ExtrsMly Dry Tschniquss 




Using s glovs box containing a dry argon ataosphere, 1.936 g (0.007a) of 
Ph38iOH was added to a 100 al flat bottoa flask with attached 18/9 0>ring joint 
and aagnetlc stirrer (see figure 2) . 



teflon stopcock for high vacuua 



-18/9 0-rlng joint 


Figure 2 

Potaseiuin metal ((freshly shaved of K2O) 0.274 gm (0.007m)] was then added to tlie 
flask. All transfers and weighings were carried out in the glove box. The 
apparatus was then connected to the vacuum system and all non-condensible gases 
(e.g. H2 and Ar) were removed by degasing. 

Approximatley 30 ml of CgHg^was then distilled into the reaction cell. The 
Biixture was siagnetically stirred and heated at 90* for six hours. At the end of 
this tisie, an essentially clear solution of KOSiPh^ in was realized according 

to reaction ( 5 )• 

2K + 2PhjS10H ► 2Ph3Si0K + ( 5 ) 

Evidence for completeness of reaction is the disappearance of potassium metal and 
the non-evolution of non-condensible, hydrogen gas. 


* All solvents (i.e. THF and C^Hg) were freshly distilled 
from molten potassium to insure dryness. 



Mturnlng to the ‘glovo box containing an argon atnoaphara (0.696f , 0.003Sci) 
Mo02Cl2*xTlCl^ vac added to aide TT of tha apparatua deacrlbad by figure 3 



I 


k. 


Figure 3 


Thia apparatua waa placed onto the vacuum ayatem and aide II vaa cooled to 


liquid nitrogen temperature. 


All non-condanalbla gas (l.a. argon) was raaovad by puaping. ;ha TlCl^ 
atCachad to Mo02Cl2*xTlCl^ waa raCainad In alda II by being held at liquid 
nitrogen taaperatura. 

Approxiaately lOal of THl^wae then discllled Into side II and on wanslng 
to rooa taaperatura with aagnatlc stirring, a claar yellow solution of H 0 O 2 CI 2 
in THF was realised. The apparatus in figure 3 was then returned to the glove 
box. The solution of KOSlPhj in the reaction cell described in figure 2 

was then exchanged for side I of the apparatus In figure 3, resulting in the 
following apparatus f 


Clear solution 
of KOSlPh 
in benzene 





yellow solution 
of MoO-Cl, 
InTlir^ 2 


II 


^ All solvents (i.e. THF and C^Hg) wvre freshly distilled from molten 
potassium to insure dryness. 


Both aidoa of tho apparatus «»aro coolad to liquid nltrogan taaparatura and 
any non-condanslbla gas (l.a. argon) raaovad by puaplng. Tha procadura for 
dagaslng waa carrlad out savaral tlaMa. On varalng both sldoa to rooo taaparatura, 
aids II was rotatod 180*^ and tha yellow aolutlon of M 0 O 2 CI 2 in THF was slowly 
added to tha clear solution of KOSiPh^ in with aagnatic stirring, (see figure S) 


II 



I 

Figure 5 



TiM rMultlng Mlutlon in aid* X was h^atad *atlOO° for six hours. At tha 
and of this tlaa parlod, a saall asK>unt of whlta solid had fsraad. Thara wa^ 
lltela avldanca for tha foraatlon of a blua solid. Tha apparatus was thsn attachad 

to tha vacuua systaa and aids II was rotatad 180^ to Its original position as 

• • 

shown In flgurs 4. Both sldss I and II wars coolad to liquid nitrogen tamperatura 
and tha apparatus was slaultaneously opened to the Mnoaeter and a Duaas aclecular 
weight bulb of previously calibrated voIusm. The presence of a non-condenslble 
gas was noted as a pressure difference In the aanoneter resulted. An Ideal gas 
trsataant (using the Dumas method) gave a molecular weight of 36.66 for this gas, 
presumed to be oxygen with a trace of solvent (l.e. or THp) impurity. 

The apparatus was returned to the glove box and the reaction mixture was 
filtered leaving an essentially white solid residue on the filter (either coarse 

II 

sintered glass crucible or Buchner funnel with fine filter paper - Whatmann 143). 
This white solid was filtered In the glove box with 230ml of dry and 50ml 
of dry THF. It was further washed and filtered outside of the glove box with 
100ml of hot distilled water. 

The white solid was Identified as Mo(0SlPh3)^ by Infrared analysis and 
melting point determination. Very low yields (on the order of less than 5Z) 
were realized. 

In conclusion. It Is felt that this reaction demonstrates the following: 

1. The presence of water Is essential for the formation of the blue solid 
(presumab ly "M 0 O 2 * XH 2 O" ) . 

2. The formation of ''MoO2*xH20'' Is essential for good yields of Mo(0SlPh3)^. 



C. A Study of th« Ch^ical Propcrtias of tetrakls(trlphanylslloxy)aolybd«nun IV 
* 

Th« choalcal raactivlty of Mo(OSiPh3)4 toward varloua connon aclda and baaea 
was detarmlnad typically aa followai 

Into a. large pyrex teat tube waa placed 5.0 ml of the coanon acid or baae. 
Approximately 100 mg of Mo(OSlPh3)4 waa added. Tho mixture waa ahaken at room 
temperature for aoveral mlnutea and any algna of reactivity were noted. If the 
Mo(OSlPh3)4 appeared not to react with the reagent at room temperature, the mixture 
waa heated to Ita boiling point for aeveral ulnutea and algna for reactivity noted. 
The mixture waa then filtered uaing a pre-weighed alntered glaaa crucible. The 
reaidue in the crucible waa waahjd free of exceaa reagent (typically wlih diatilled 
water or in the caae of NaOH with dilute HCl) and dried at 100* for one hour. The 
crucible vaa again welghed-the difference in weight being that of the white aolld 
reaidue. The white aolld reaidue waa Identified aa unrcacted Mo(OSiPh3)4 by ita 
Infrared absorptior. apectrua and ita melting point characcerlatica. Whenever 
poaaible, the filtrate waa atrlp^od of reagent acid or baae by heating under vacuum 
and the reaidue examined for the preaence of unreacted Mo(OSiPh3)4 (or at leaat 
the preaence of the Mo-O-Si bond whoae dlatinctlve abaorption 'Occura at 10.92p). 
Thia waa done to diatlngulah true aolubillty from chemical reaction. 


************************************************** 
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ADDENDUM TO REPORT 


Analytically pure Mo(OSiPh 3)4 has been synthesized in good 
yields using the extremely dry techniques as outlined on page 3S 
and a four to one mole ratio of KOSiPh^ to Mo02Cl2*xTiCl4. 

No "molybdenum blue" was obtained. The "molybdenum blue" was 
found to be formed from the hydrolysis of M 0 O 2 CI 2 presumably by 
reaction (1). 

M 0 O 2 CI 2 ♦ 3 H 2 O ► "M 0 O 22 H 0" ♦ I/ 2 O 2 ♦ 2HC1 (1 

This side reaction which is observed when M 0 O 2 CI 2 is exposed to 
air is not conducive to the formation of Mo(OSiPh 3 ) 4 . Reaction (1) 
may be eliminated using proper experimental techniques. The formation 
of Mo( 0 SiPhj )4 presumably may occur via reaction (2), the oxygen 

M 0 O 2 CI 2 ♦ 4KOSiPh33^^^Mo(OSiPhj)4 ♦ 2KC1 ♦ K 2 O ♦ I/ 2 O 2 
coming off as nascent oxygen and a majority reacting with the solvent. 

The TiCl 4 serves as a drying agent to prevent the hydrolysis of 
M 0 O 2 CI 2 as well as a possible catalyst. 

Analytically pure Mo(OSiPh 3)4 decomposes above 330 C. 

Most recent Elemental Analysis (by Galbraith) for Mo(OSiPh 3)4 


t element 

% calculated 

% found 

1 relative error 

Mo 

8.01 

7.89 

1.5 

Si 

9.38 

9.47 

1.0 

C 

72.21 

72.81 

0.8 

H 

5 . 0 s 

S.Ol 

0.8 


ADDENDU^^ (continued) 


Page 30 

Reaction (3) has been found to be quantitative. 

2K ♦ 2PhjSiOH ► 2PhjSiOK ♦ H 2 (3) 

Page 23 

Cohen's compound, originally reported as "M 02 (OSiPhj) 
has been synthesized by distilling a relatively large amount of 
water (i.e. several hundred milligrams) into the reaction system. 

This compound must result from the extensive hydrolysis of Mo 02 Cl^xTiCl 4 
and its subsequent reaction with KOSiPhj. It appears to contain no 
molybdenum (from elemental analysis and infrared absorptions). 

Page 39 

Some doubt has been cast upon the molecular weight data 
ebtained for the non*condensible gas (presumed to be oxygen) by 
recent experimental data. 



